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(57)Abstract: 

PROBLEM TO BE SOLVED: To do away with the use of 
a separate part for the balance weight for a rotor core 
and provide a core itself with the function of the balance 
weight in a permanent-magnet motor. 
SOLUTION: In an inner rotor-type permanent-magnet 
motor, its rotor core 1 0 is constituted of a first core 1 1 , 
which develops only reluctance torque and a second 
core 12 which develops at least magnet torque. Arc- 
shaped slits 11b are formed at equal intervals on the rim 
of the first core 1 1 for the purpose of increasing 
reluctance torque, and further part of the core (cut-off 
portion k), including the slits 11b, is cut off in order to 
provide a balance weight. Permanent magnets 12a in a 
number equivalent to the number of poles are embedded 
on the rim of the second core 12 at equal intervals. When the first and second cores 11,12 
are stacked up to form the rotor core 10, the arc-shaped slits 11b are embraced in the cross 
sections of the permanent magnets 12a. Holes 1 1a for flux barriers are formed on the first 
core 11 facing opposite both the ends of the permanent magnets 12a. 
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DETAILED DESCRIPTION 
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[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the inner rotor type permanent- 
magnetic motor used for an air conditioner, the compressor of cold storage, etc., and it is related with the 
permanent-magnetic motor which does not need the balance weight of another parts in detail especiallv 
[0002] F y ' 

[Description of the Prior Art] What the configuration of the inner rotor of this kind of permanent- 
magnetic motor lays a permanent magnet under the rotor core, and uses it as it, for example, shows it in 
drawin g^ is proposed. As shown in drawin g 5 , by the number (4 very) of poles of the concerned 
permanent-magnetic motor, the tabular permanent magnet 3 is arranged along with an outer diameter at 
a circumferencial direction, and the flux barrier 4 for preventing the shunt of magnetic flux and a 
leakage is formed between the permanent magnets 3 which they-adjoin at the rotor core 2 in the stator 
core 1 of 24 slots. In addition, 5 is a feed hole (hole for shafts). 

[0003] Here, when the magnetic-flux distribution of the opening section (between the gear tooth of a 
stator core 1 and the permanent magnets 3) by the permanent magnet 3 shall have become sine wave- 
like, torque T of a permanent-magnetic motor is expressed with T=Pn{phia, la, and cosbeta-0.5 (Ld-Lq), 
12, and sin2beta} . In addition, for the armature flux linkage according [ an output torque and phia ] to 
the permanent magnet on d and q axis of coordinates in T, and Ld and Lq, d, q shaft inductance, and la 
are [ d, the angle of lead from q shaft of the armature current on q axis of coordinates, and Pn of the 
amplitude of the armature current on d and q axis of coordinates and beta ] the numbers of pole pairs. 
[0004] In the aforementioned formula, the 1st term is the magnet torque by the permanent magnet 3, and 
the 2nd two term is reluctance torque produced according to the difference of d shaft inductance and g 
shaft inductance. In detail, it is T.IEE. Please refer to the paper of Japan, Vol.1 17-D, and No 7 and 1997. 

[0005] By the way, to be shown in drawin g 6 , the compressor of an air conditioner or cold storage 
mainly consists of compression device section A and motor section (permanent-magnetic motor) B, and 
a refrigerant is compressed by rotation of a permanent-magnetic motor. In this case, since it is necessary 
to correct the regular load effect (rotational imbalance) in compression device section A, the balance 
weight has been attached to the motor section B side. 

[0006] For example, as shown in the drawin g 7 and the drawin g 8 , in case the rotor core 2 is closed by 
the caulking pin 6, it closes whether the deformation disk 7 of a balance weight is also simultaneous. 
Thus, rotational imbalance is reformable by giving a reverse balance to the rotor core 2 side to the 
imbalance of the rotation in the aforementioned compression device section A. 
[0007] 

[Problem(s) to be Solved by the Invention] However, in the aforementioned permanent-magnetic motor, 
in order to attach the deformation disk 7 of a balance weight, parts other than motor parts are needed, 
and there is nothing as it becomes result cost quantity, and the cost rise by the increase in a manufacture 
man day is not avoided, either. Moreover, at the time of high rotation, a centrifugal force also becomes 
large and there is a risk of having said that the deformation disk 8 of a balance weight was omitted. 
[0008] This invention is made in view of the aforementioned technical probrem, the purpose can give 
the function of a balance weight to the rotor core itself, and another parts are not needed, but it is in 
offering the permanent-magnetic motor it enabled it to finish without the cost rise by the manufacture 
man day moreover. 
[0009] 

[Means for Solving the Problem] In the permanent-magnetic motor with which this invention has a rotor 
core inside in order to attain the aforementioned purpose It constitutes from the 2nd core which lays 
underground the permanent magnet for the 1st core which generates only reluctance torque for the 
aforementioned rotor core, and the concerned number of poles at equal intervals along with a core 
periphery, and generates magnet torque at least. It is characterized by cutting off a part of core sheet 
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which constitutes the 1 st aforementioned core, and giving a balance weight to the aforementioned rotor 
core. 

[0010] In this case, as for the part which cuts off apart of 1st aforementioned core, it is good for the slit 
for reluctance adjustment formed in order to enlarge the aforementioned reluctance torque to be made to 
be included. 

[001 1] While the 1st aforementioned core is countered to the both ends of the permanent magnet of the 
2nd aforementioned core and the hole for flux barrier is formed, it is good to be made to settle the slit for 
reluctance adjustment formed in order to enlarge the aforementioned reluctance torque in the cross 
section of the aforementioned permanent magnet. 

[0012] It is good to make into a predetermined value the number of sheets of the core sheet which made 

the predetermined value the number of sheets of the core sheet which makes the part which the 1 st 

aforementioned core cuts off two or more places, or cuts off a part, or cut off the above part. 

[0013] It is desirable, when the aforementioned core is incorporated as a rotor core and it is made DC 

brushless motor. 

[0014] 

[Embodiments of the Invention] Hereafter, the gestalt of implementation of this invention is explained in 
detail with reference to the drawing 1 or the dr awin g 4 . In addition, among drawing, the same sign is 
given to the same fraction as draw ing 5 , and a duplication explanation is omitted. 
[0015] If the permanent-magnetic motor of this invention constitutes an inner core with the core (the 1st 
core) which generates only reluctance torque, without having a permanent magnet, and the core (the 2nd 
core) which has a permanent magnet, it will be carried out to the ability of the function of a balance 
weight to be exhibited by cutting off a part of core sheet which constitutes the 1 st core at view. 
[0016] therefore, it is shown in the drawing 1 or the drawing 3 -- as -- the rotor core 10 of this 
permanent-magnetic motor — a permanent magnet -- not having - the hole for flux barrier — it consists 
of the 1st core (iron core) 1 1 which has 11a and slit 1 lb for reluctance adjustment, and the 2nd core 
(iron core) 12 which laid cross-section fan-like permanent magnet 12a underground at equal intervals 
along with the core periphery mostly for every magnetic pole In addition, the plan of the rotor core 1 0 
showing drawing 2 drawing 1 and the drawing 3 are bottom plan views of the rotor core 10. 
[0017] As shown in the drawing 2 or the drawing 4 , the 1st core 1 1 cuts off a part of core, forms cutoff 
section k, and is giving the balance weight to the rotor core 10. In this case, cutoff section k of the 1st 
core 1 1 is desirable when slit 1 lb is used. That is, cutoff section k is made to contain slit 1 lb. 
[001 8] the hole for flux barrier - 1 la is formed so that it may form in the both ends of permanent 
magnet 12a face to face and may be contained in the cross section of the permanent magnet 12a Slit lib 
for reluctance adjustment is formed so that it may form at equal intervals along with a core periphery by 
the hole of the shape of reverse radii which turned the heights to the feed hole (for shafts) 13 for the 
purpose of enlarging the difference of d shaft and g shaft inductance and may be contained in the cross 
section of permanent magnet 12a. By this, q shaft inductance Lq can be large, and d shaft inductance Ld 
can become small, that is, the difference (Lq-Ld) of an inductance can become large, and reluctance 
torque can be generated. 

[0019] in addition ~ although the 1st core 1 1 and 2nd core 12 are really carried out and are formed with 
the automatic laminating method mentioned later — the hole for flux barrier — 1 la and slit 1 lb for 
reluctance adjustment are made to be contained in the hole of permanent magnet 1 1 a Moreover, 14 is a 
rivet and 1 5 is the caulking section. In addition, when the 1 st core 1 1 is made into the grade (less than 
twenty percent of the rotor core 10, i.e., the length which is mentioned later and which carried out the 
laminating, (all laminating length)) of less than twenty percent, it is desirable. 

[0020] by the way, a manufacture of the rotor core 1 0 — setting — a core press — metal mold — using — 
an automatic press -- a magnetic steel sheet — piercing — metal mold — the core laminating method 
(automatic laminating method) which forms the 1st and 2nd cores 1 1 and 12 in one in total inside is 
adopted 

[0021] the hole which is equivalent to permanent magnet 12a of the 2nd core 12 at least at this press- 
working-of-sheet-metal process when piercing the 1st core 11— not piercing ~ the hole for flux barrier - 
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- the time of cutting off the part containing the slit 1 lb, in order to attach a balance weight, while 1 la 
and slit 1 lb for reluctance adjustment are pierced, and piercing the 2nd core 12 - a hole -'the hole of 
1 la, the slit 11, and permanent magnet 12a is pierced 

[0022] Moreover, the hole which lets the caulking pin 14 pass is pierced at the time of press working of 
sheet metal of the 1st and 2nd cores 1 1 and 12, and whenever the caulking section 15 carries out the 
laminating of the core sheet 10a of the 1st and 2nd cores 1 1 and 12, it is formed. Therefore, press 
working of sheet metal by the conventional automatic laminating method can be used as it is. 
[0023] Thus, after closing automatically a press and the core by which the laminating was carried out, a 
ferrite magnet is laid under the hole of permanent magnet 12a, a lid is carried out, and it lets the caulking 
pin 14 pass, and a caulking and permanent magnet 12a are magnetized, and the rotor core 10 is 
magnetized. In addition, in this, if additional explanation is given about draw ing 4 , although the 
armature winding of a three phase (U phase, V phase, and W phase) is given to the stator core 1 of 24 
slots, the number of slots may differ from the armature winding. Moreover, in a stator core 1 , it is [ coil / 
by the side of an outer diameter ] good in the coil by the side of U phase and a bore also considering W 
phase and its middle coil as a V phase, for example. 

[0024] Thus, since it is not necessary to use new parts that is, and the balance weight of another parts 
can be abolished from giving a balance weight to the 1st core 1 1 the very thing, a cost cut of the part and 
a motor can be aimed at. 

[0025] Moreover, since the 1st and 2nd cores 11 and 12 can be manufactured and the manufacture man 
day of the rotor core 10 decreases with the conventional automatic laminating method, low-cost-ization 
of a motor is more realizable. Furthermore, enhancement in a reliability can also be aimed at, without 
problems, such as defluxion of a balance weight, arising. 

[0026] It is possible to generate ******** wardrobe torque with the 1st core 1 1, to generate magnet 
torque with the 2nd core 12 on the other hand, that is, to acquire required motor torque, as a result the 
degradation of a motor can also be stopped. Moreover, a performance rise (elevation of operation 
luminous efficacy, vibration and a fall of an ambient noise) of an air conditioner can be aimed at, 
without raising a cost, if the rotor core formed of the above-mentioned is incorporated, it considers as 
DC brushless motor and it uses as a compressor motor of an air conditioner etc. 
[0027] In addition, you may be made to change the number of sheets of a core sheet that what is 
necessary is just to change the size of cutoff section k of the 1st core 1 1 according to the balance weight 
to need, moreover - the part of the cutoff section k - one place - not but --**-- when it is especially a 
polyphase multi-electrode motor, it is good to cut off two or more parts Therefore, an adaptation balance 
way can be attached by the operating condition of a motor. 
[0028] 

[Effect of the Invention] In the permanent-magnetic motor which has a rotor core inside according to 
invention of this permanent-magnetic motor according to claim 1 as explained above It constitutes from 
the 2nd core which lays underground the permanent magnet for the 1st core which generates only 
reluctance torque for the aforementioned rotor core, and the concerned number of poles at equal 
intervals along with a core periphery, and generates magnet torque at least. Since a part of core sheet 
which constitutes the 1st aforementioned core is cut off and the balance weight was given to the 
aforementioned rotor core Since a balance-weight function can be given to the rotor core itself, therefore 
the balance weight of another parts is not needed, it is effective in the ability to aim at a cost cut of a 
motor. 

[0029] According to invention according to claim 2, the part which cuts off a part of 1st core in a claim 
1 Since the slit for reluctance adjustment formed in order to enlarge the aforementioned reluctance 
torque was made to be included Since in addition to the effect of a claim 1 it is not influenced by 
occurrence of reluctance torque and there is no cost rise at the time of a manufacture of the rotor core by 
the automatic laminating method, there is an effect that it is not necessary to become in a cost rise of a 
motor. 

[0030] According to invention according to claim 3, to the 1st core in a claim 1 While the both ends of 
the permanent magnet of the 2nd aforementioned core are countered and the hole for flux barrier is 
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formed As it comes to be settled in the cross section of the aforementioned permanent magnet, since, the 
slit for reluctance adjustment formed in order to enlarge the aforementioned reluctance torque 'in 
addition to the effect of a claim 1 5 the shunt of magnetic flux and a leakage can be prevented by the flux 
barrier. Moreover, it is effective in that can use the automatic laminating method of the conventional 
rotor core, that is, a cost rise of a manufacture does not need to consist of the hole and slit for flux 
barrier being settled in the cross section of a permanent magnet. 

[0031] According to invention according to claim 4, the part which the 1st aforementioned core cuts off 
in a claim 1 is made into two or more places. Or since it becomes as a predetermined value, the number 
of sheets of the core sheet which made the predetermined value the number of sheets of the core sheet 
which cuts off a part, or cut off the ab@ve part In addition to the effect of a claim 1, the balance weight 
of various weights can be attached, that is, there is a useful effect that an adaptation-balance weight can 
be given. 

[0032] It is effective in the ability to aim at a performance rise of an air conditioner, without raising a 
cost, if it uses as a compressor motor of an air conditioner etc. in addition to the effect of claims 1, 2, 3, 
or 4, since according to invention according to claim 5 the core in claims 1, 2, 3, or 4 was incorporated' 
as a rotor core and it considered as DC brushless motor. 



[Translation done.] 
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